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Evaluation of Residual Strength of CFRP Pressure Vessel After Low Velocity Impact

Jae-Beom Park ', Dong-Ryun Kim, Hyung-Geun Kim and Tae-Kyung Hwang*

ABSTRACT

In this paper, the low velocity impact characteristics of filament winding CFRP pressure vessel was
investigated using numerical and experimental methods. The cylinder part of CFRP vessel was impacted using
triangular shape impactor which simulated the sharp edge of dropping tools and impact response behavior of
CFRP was reviewed. The mechanical behavior, such as deformation and stress distribution, were also predicted
by explicit finite element method and the validity of the model was investigated. For the quantitative evaluation
of the residual strength of the pressure vessel after impact, a series of the ring specimens was cut from the
impacted vessel and its burst pressure was measured by hydraulic pressure hoop tension test. As the results, the
relationship between the residual strength degradation and the impact energy was successively obtained and a
useful methodology to evaluate quantitatively the impact damage tolerance of CFRP pressure vessel was
established.
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Table 1 Laminate construction of STEB
Psition Lay-up Sequence
Dome [(£27)3]

Skirt [(£45):/(90)3]
Cylinder [(£27):/(90)5]
[ \_‘
}
] 126 4 mm

896 mm VRN S — e s = + R — b+ —— e e o sk 1410mm

I

1

643 0 mm

Fig. 1 Shape and dimensions of filament winding CFRP STEB.
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Fig. 4 Impact response curve obtained from low velocity impact test;

Deflection (mm)

(a) For the case of 15, 30 and 45 Joule (b) for the case of
60, 75 and 90 Joule.
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Table 4 Applied failure criterion
Fig. 5 Time versus deflection curves obtained from low velocity . I
impact test; (a) For the case of 15, 30 and d45Joule (b) for Fracture Mode Applied Criterion
the case of 60, 75 and 90Joule.
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Fiber Tension h —1L *1
Table 2 Summary of the measured values during the impact test Chang, ( X t) +T =]
Energy (E, Joule) 150 | 30.0 | 450 | 60.0 | 75.0 | 90.0 Fiber Compression Max. Stress, |0 ,,|=>X (6 ,€0)
Absorbed E.(Joule) [ 5.7 8.3 129 | 26.0 | 57.5 | 86.2 Matrix Tension Modified Tsai,
Impact Vel. (m/s) 1.70 | 2.39 | 291 | 337 | 3.76 | 4.11 Fy0p+F 0%+ Fg0321
1 1 1 1
Max.Load (kN) 3.14 | 425 { 473 | 526 | 568 | 548 Matrix Compression £ :Ty;_?(*'Fﬂ z——*yr},('-Fm e
APIAE (kN/Joule) |] 0.074 | 0.032 | 0.035 | 0.028 | -0.013 | _
Matrix Shear Max. Stress, |T12|2 S
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Fig. 6 Finite element modeling of lmpactor tup and STEB. Skint part
was eliminated for modeling convenience ; (a) Solid model of
Triangular impactor tup (b) Laminated shell mode! of STEB.

mitial velocity, v, = V(2 X Joule)/mass (1)
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Fig. 7 Deformation and fiber direction stress distribution of STEB for
the case of 12.5Joule impact energy calculated by f{inite
element analysis program, MSC DYTRAN; (a) Deformation
(b) Fiber direction stress distribution at outer hoop layer.

Aol whit WYL 37 wHEgel Fefir veliar Qlof,
oly= g rlutol Axiziol X4l (Indentation) ©] =it viejut
1= A t**—f’}lﬂ['?]?} = ge AdFoes —*”—?HHA =AY

! I"
i
::&

-

s
ol
=

gol &Aoflv 27} 1) -
o5 IchEITE BFA2Lo)
TEER-9lofA] &8 Peakz| 7}t WHAYsEAT

o8l FREI Qi A
SRy Wl Alzhe Ezixe
o)},

5.0

o Calculation
- - Experiment

l.oad (kN)

1 5 1 A 1 L 1 i
0 5 10 15 20
Time (mili sec.)
(a)
5.0
i o Calculation
4.0} ---- Experiment
|.
~ 30}
Z.
= _
© 20}
«
Q L.;-‘;L‘
1.0+
& :
0.0 - swumemt>
0 5 10 15 20
Time (mili sec.)
(b)
Fig. 8 Comparison of time versus force graphs between experiment

and calculation results. Calculation results yere obtained by
commercial FEA program, MSC-DYTRAN"™; (a) 1SJoule of
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Fig. 9 Helical winding process for fabrication of the CFRP pressure

vessel and its resulting [£27]; CFRP;

winding process (b) After curing.
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Fig. 10 Comparison of time versus deflection graphs between experiment
and calculation results; (a) 15Joule of impact energy (b) 45Joule

of impact energy.
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The schematic of CFRP ring specimen cut from STEB after
impact and the hydraulic pressure test jig; (a) Ring specimen
(b) Test jig with ring specimen, tube and pressure line.

Fig. 11
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Fig. 12 The pre-test result to check the pressure distribution; (a) strain
results measured at the same circumferential position but
different position in width direction (b) strain measured at the
four different circumferential position but same position in
width direction.
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Fig. 14 The radioactive photograph of the impacted region for the case
of 90Joule. For the clarification, special dye was penetrated:
(a) Conventional X-ray, (b} Computed tormography of circunderential
section.
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Fig. 15 The decrease in residual strength of ring specimens cut from
the impacted STEB along with the increase of impact

energy.

Fig. 16 The photograph of the ring specimen showing the difference
in fracture shape: (a) Specimen cut from 15Joule impact
position, (b) Specimen cut from 45Joule impact position
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